Charge transport in GaN quantum well (QW) devices grown in the non-polar direction is theoretically investigated . Emergence of a new form of anisotropic line charge scattering mechanism originating from anisotropic rough surface morphology in conjunction with in-plane built-in polarization is proposed. It is shown that such scattering leads to a large anisotropy in carrier transport properties, which is partially reduced by strong isotropic optical phonon scattering.
A characteristic feature of non-polar GaN surfaces grown 
FIG. 2. schematic diagram of momentum change in anisotropic elastic scattering. a):momentum space. Clearly transverse wave vector (ky) of carriers parallel to line charges is conserved while the net momentum change is |2k cos θ|, b) in real space electron's movement is shown.
charges associated with each interface roughness step.
69
The thickness modulation of QW leads to GaN/AlN het-70 erojunctions at each roughness center as depicted in Fig.1 
where e is the electron charge, 0 is the free-space per-80 mittivity, κ is the relative dielectric constant of GaN 81 and λ π (x i ) = P GaN − P AlN ∆(x i )/e is the effective 82 line charge density. Note that, the potential is in-83 dependent of y due the symmetry of the problem.
84
The scattering matrix element of transition from state 85 |n, r, k i to state |m, r, k f can be written as v(x i , q) = 86 m, r, k f |v(x, y, z)|n, r, k i , where
In the above equation, F nm (q x a) is the form factor aris- potential from a line charge dipole associated with a sin-96 gle roughness step. As two steps are correlated, the 97 dipole potential arising from them are also correlated.
98
If there are N numbers of roughness steps, the square of 99 the matrix element of the dipole potential summed over 100 all scatterers is given by
where whereas, in our case, it is calculated using infinite well
117
(hard wall boundary conditions) -type wavefunction.
118
Among the scattering potentials considered above, the Under the application of a small electric field E = (E, 0)
in the QW-plane, the non-equilibrium part of carrier dis-
154
tribution function under the SL scheme can be written
where f 0 is the equilibrium Fermi-Dirac distribution 157 function, v(k) is the group velocity, and E k is the kinetic 158 energy of an electron in the GaN QW. The coefficient
where τ (τ ⊥ ) is the scattering time parallel (perpendicu-161 lar) to applied field calculated using Fermi's golden rule.
162
Defining the current density as
the expression for mobility for a degenerate electron gas 164 along the x direction can be calculated as
where m * xx is the electron effective mass in GaN along 
Where, q T F is the 2D Thomas-Fermi wave vector 13 , n s 177 is the equilibrium carrier density in the QW, k F is the
178
Fermi wave vector, and a * B is the effective Bohr radius 13 .
179
The dimensionless integrals I 1
be evaluated exactly 18 .
181
For numerical calculations, a nominal set of parameters we assume Λ=1.5 nm -a typical value used 15 for polar in a higher mobility along the y direction. Fig.4b) bility compared to t= 3 nm case (see Fig.4b ). The dashed 226 blue curve in Fig. 3b) 
